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© Method of rslnforcfaig 

© Method of reinforcing weter^ierdenable Inorganic mate- 
rials wfth poh/afiosne fibres or fibre networks, the potyaftene 
being stabffized by a metal phosphorate or metal phosphite 
with the formula 




m which: 

r» R, Is en aJfcyi group with 1-6 carbon atoms, 

R, is a hydrogen atom or an alfcyi group with 1-6 carbon 



CM 



10 n take a value 1-4, 

CD y (s the ratio of the vaiendes of the metal atom and the 
organic phosphorate or phosphite group, 
is the residue -C~, OR* or Ru where R, is an sfkyl 
cydoattcyl, or aryl group with 1-30 carbon atoms and R« 
Is an ettryU cydoaikyt or aryi group with 1-30 carbon 
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The invention relates to « -thod of reinforcing weter- 
herdeuable Inorganic materials with polyalkeue fibre* or fibre networks, 

oalng one or more stabilisers. 

Anfi thod of this type is known fro. Europeen Patent Applica- 
5 tion Ho. 32,5. laid ope* to public inspection. In ^ "^-"V^ 
pressed for a stabilizer combination consisting of a metal deactivator 
Z an antioxidant. It has- been found, however, that such a combination 
of stabilizers cannot maintain the mechanical properties of the 
polyalkeue fibres at the desired level for an adequate period. Since 
10 Ler-hardenehle inorganic materials in the hardened state are mately 
„sed in the coustruction of buildings, particularly in the form of 
slabs they must ratain their niechaaical properties for a very long 
tW Tho polyalkeue fibres must therefore show no significant signs of 
degradation after a period of at least decades. 
15 The aim of the present- Invention is to provide a method 

whereby water-hardeueble inorganic materials are reinforced with 
polyalkeue fibres which are stabilised 1* such a way that they ratal* 
their mechanical properties for a very long time. 

according to the Invention, this- ate can be achieved by lncor- 
20 porating into the polyalkene a stabilizer consisting of a meta^ pbopho- 
mate of metal phosphite having the formula 



Cn^n 





in which: 



25 



*1 

*2 
n 

7 



is an. alkyl group with 1-6 carbon atoms, 

is a hydrogen atom r an alkyl group with 1-6 carbon atoms, 

takes & value V-4 9 

is the ratio of the valences f the metal atom aud the organic 
phosphouate or phosphite group, 
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x Is the residue -0~ f 0X3, r H4, where R 3 is an alkyi, cycloalkyl, 
r aryl group with 1-30 carbon, atoms and B4 is an alkyi, 
cycloalkyl, or aryl group with 1-30 carbon atoms, and 
M is a metals 

The use of wetal phosphonates or metal phosphites for the sta- 
bilization of alkene polymers is la Itself known, although the very 
large number of stabilizers or stabilizer combinations that have been 
proposed for this purpose includes stabilizers that give much better 
results than metal phosphonates or metal phosphites whexr used in 
polyalkenes. For example, it Is known that In polypropylene even a high, 
concentration of a metal phosphonate gives only about 85 Z of the stabi- 
lity conferred by a carefully selected phenolic antioxidant* 

Metal phosphonates or metal phosphites are .also used in cases 
in which a high light stability is required in addition to thermal 
stability* Another use for them is as additives for coating polyalkene 
fibres. When polyalkene fibres are used to reinforce water-hardenable 
inorganic materials the light stability and the possibility of dying: 
are of no consequence* 

It is therefore particularly surprising to find that the use 
of metal phosphonates or metal phosphites in polyalkene fibres incor- 
porated in water-hardenable inorganic materials gives (unexpectedly) 
much better results with regard to stability, particularly the long-term 
stability at low temperatures, than do the customary phenolic stabili- 
zers wich are superior in other applications* 

The metals in. the metal phosphonates or metal phosphites are 
preferably chosen from the group comprising sodium, potassium, 
magnesium, calcium, boron, chromium, manganese, iron, cobalt, nickel, 
copper,, zinc,, aluminium, and tin* 

They are more preferably chosen from the group comprising 
calcium,, cobalt, nickel, and zinc, nickel being particulaiJLy preferred. 

The most preferred metal phosphonates or metal phosphites have 
a structure represented by the general formula given above 9 in which Rj^ 
is a tertiary butyl group and tt 2 is Hydrogen, methyl, ethyl or a, tertiary 
butyl group, la ar particularly preferred embodiment tt is equal to I. 
35 It is advantageous if x is an 0R 3 r R4 group, R 3 being bxl alkyi group 
with 1-4 C-atoma. Mixtures of such compounds can. also be used. 
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As stated before, the metal phosphorates and metal phosphites 
are effective at the relatively low c ueentrati as of 0.02-0 .5 wt-Z with 
respect t the polyalkene. These are therefore the preferred 
concentrations 9 particular preference being given to concentrations of 
0.05-0.25 wt-Z, 

In addition to the necessary metal phosphonates and metal 
phosphites, other - conventional - stabilizers may be Incorporated in 
the polyalkene, the greatest preference being given to the phenolic _ 
antioxidants, which may be present in quantities of 0.01-1*00 wt-Z with 
respect to the polyalkene. 

The polyalkene of the fibres may be polyethene, polypropene, 
polybutene, or mixtures of these polymers, or related copolymers such a 
etheue-hexene copolymers and propene-ethene copolymers. In particular, 
it has been found that, when combined with the said metal phosphonates 
and phosphites, a mixture consisting predominantly of polypropene with a 
minor proportion of polyethene, preferably with less than 25 wt-Z of the 
polyethene, with respect to the polyalkene mixture, gives considerably 
better results in water-hard enable inorganic materials than do . 
polyalkene mixtures that contain conventional stabilizers such a 
20 phenolic antioxidants (see the example). 

It may be seen from the example that the metal phosphonates 
improve the long-term stability of the polyalkene fibres, particularly 
at lower temperatures. 

The water-hardenable inorganic material may be a known 
25 material such as plaster or cement, Portland cement being the most pre- 
ferred material. 

The polyalkene can be incorporated into the water-hardenable 
materials in a variety of forma and states*- For example, it is possible 
to use loose fibres made by spinning or by means of shearing forces in a 
30 precipitating polyalkene solution* The fibres can also be made by the 
sudden expansion of a polyalkene solution. To facilitate the Incor- 
poration of these discrete fibres into the mass of water and water— 
hardenable material, hereafter referred to as mortar, the fibres- may be 
treated, for example, with surfactants and the surface may be modified 
35 with inorganic particles or may be made hydrophilic by chemical and/ or 
physical treatment anch as oxidation and corona discharge. 
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In the preferred arra n gement, however, the fibres are inter- 
c nnected to f rm networks, which nay be treated aa described above* The 
most economic method of forming- such networks is described in European 
Patent Application No. 3245, laid open to public inspection. Herein the 
polyalkene is extruded to a film which is stretched out, flbrillated, 
and pulled out to font networks* 

Fibres obtained from these networks by comminuting the networks by 
chopping or cutting may also advantageously be used* 

In addition to the said stabilizers the polyalkenes may con* 
tain other additives such as lubricants, fillers, and substances that 
improve the adhesion between the fibres and the water-hardeaable inorga- 
nic material* 



A propene-etheue periodic block copolymer with an ethene con- 
15 tent of 9 wtr-Z and a melt index 230/2 « 1.0 g/10 mln was mixed with one 
of the three different stabilizer combinations defined, below and spun 
into filaments of 10 g/9000 m- 

The filam ents were cast in a mortar consisting of Portland 
cement and water with a water-cement factor of 0*3 and the mortar was 
20 allowed to set* 

The end of the filament protruding from the set material was 
loaded with a weight of 0.01 K and the entire arrangement was placed in 
practically stationary air in an oven at 80 °C, 100 *C, and 120 °C* 
The three stabilizer combinations, were as follows t \ 
25 Stabilizer It 

0*1 wt-r of nickel-bis(o^thyl^3 ,5^-tert.bu^ ) 
phosphorate;* 

O.LwtrXof tria<2,4-dl-<ert.butylphenol) phosphite* 
Stabilizer 2: 

30 0*1 wt-Z. of calciunr-bis ( 3 , 5-di~tert . butyl-4-hydroxybenzyl monoethyl) 
phosphonate; 

* 0.L wt- T of trls(2,4-dir^:ert.butylphenol) phosphite-^ 
Stabilizer 3 (comparison example): 
0.1 wt-r of 2, 6^-dl-tert.butyl-4-methylphenol^ 

0.15 wt-Z of peutaerithrityl tetrakis(3K3,5^~tert.butyl^-hydroxy- 
phenyl)) propionate* 
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The following table gives the time (in hours) that elapsed 
bef re the filaaent broke, for the vari us stabilizer combinations at 
different temperatures. 

Table 



80 'C 100 *C 120 "C 



Stabilizer I 


8500 


880 


40 


Stabilizer 2 


2100 


236 


21 


Stabilizer 3 


240 


124 


21 * 
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Method of reinforcing water-hardeuable inorganic materials with 
polyalkene fibres or fibre networks using one or more stabilizers, 
characterized in that in the polyalkene is incorporated a stabilizer 
consisting of a. metal phoaphonate or metal phosphite with the formula 




CnH2o- 



*2 
n 

T 



in which: 

is an alkyl group with 1-6 carbon atoms, 

is a hydrogen atom or an alkyl group with 1-6 carbon atoms, 
takes a value 1-4, 

is the ratio of the valencies of the metal atom and the organic 
phoaphonate or phosphite group, 
x is the residue -0", OR3, or R4, where H.3 is an alkyl, 

cycloalkyl, or aryl group with 1-30 carbon, atoms and I4 is an. 
alkyl, cycloalkyl, or aryl group with. 1-30 carbon atoms, and 
M is a metal. 

2. Method according to claim 1, characterized, la that the metal is 
selected from the group comprising sodium, potassium,, magnesium, 
calcium, boron, chromium, manganese, iron, cobalt, nickel, copper, 
rinc t aXisnixxliintf asd tin* 
3~ Method according, to claim 1 or 2, characterized in that the metal is 
selected from the group comprising calcium,- cobalt, nickel, and zinc. 
4. Method, according: to anyone of claims 1-3, characterized la that- 
U L is a tertiary butyl group and R-2 is hydrogen or a methyl,, ethyl, 
or- tertiary butyl groups 
5- Method- according to anyone of claims 1-4, characterized in that a 

is equal to !• . 
6. Method according to anyone f claims 1-5, characterized in that x 
is 0~ OR3, or R4, where R3 is an. alkyl group with 1-4 C-atoms and 
is an. ethyl, cycl beryl, r phenyl group. 
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7. Heth d according t anyoa f claims 1-6, characterized la that 
the metal phosphonate r metal phosphite la incorporated in a quan- 
tity of between t 0 ♦02-0*5 wt-i with respect to the polyalkene. 

8. Method according to claim 7 9 characterized in that the metal 
phosphonate or metal phosphite is incorporated in a quantity of 
between to 0*05-0.25 wt-Z with respect to the polyalkene* 

9- Method according to anyone of claims 1-8, characterized in that a 
phenolic antioxidant is also incorporated in the polyalkene. 

10. Method according to anyone of claims 1-9, characterized in that 
the polyalkene consists principally of propylene. 

11. Method according to anyone of claims 1-10, characterized in that 
the water-hardenable Inorganic material is cement . 

12. Method according to claim 11 1 characterized in that the cement 
is Portland cement. 
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